Alpha-1-antitrypsin (AAT) plays an important role in the pathogenesis of emphysema, the pathological lesion underlying the majority of the manifestations of Chronic Obstructive Pulmonary Disease (COPD). In this study we tested the hypothesis that common AAT polymorphisms influence the risk of developing COPDs. We investigated PiM1 (Ala213Val), PiM2 (Arg101His), PiM3 (Glu376Asp), PiS (Glu264Val) and PiZ (Glu342Lys) SERPINA1 alleles in 100 COPD patients and 200 healthy controls. No significant differences were observed in allele frequencies between COPD patients and controls, neither did haplotype analysis show significant differences between the two groups. A cross-sectional study revealed no significant relationship between common SERPINA1 polymorphisms (PiM1, PiM2, PiM3) and the emphysematous type of COPD. In addition, FEV 1 annual decline, determined during a two-year follow up period, revealed no difference among carriers of the tested polymorphisms.
Chronic obstructive pulmonary disease (COPD), a heterogeneous disorder, is a major cause of respiratory disability and the fourth major cause of death world-wide (World Health Organization, 2000) . Exposure to cigarette smoke is recognized as the main environmental risk factor involved (Teramoto, 2007) . Severe Alpha-1-antitrypsin deficiency (AATD) is a proven genetic risk factor, with about 80% of the subjects develop the disease between 30 to 40 years or earlier, in spite of only 1%-3% of COPD cases being due to severe AAT deficiency (Lomas and Silverman, 2001) .
Alpha-1 antitrypsin (AAT) is a 52 kDa protein synthesized primarily by hepatocytes. Its main function is to inhibit the activity of neutrophile elastase in the lung. This is a protease capable of destroying the major structural proteins of the alveolar wall. Plasma AAT deficiency results in accelerated elastin degradation, leading to a loss of ventilator function and the subsequent development of emphysema (Mahadeva and Lomas, 1998) . The AAT coding gene SERPINA1 is highly polymorphic, with more than 125 SNPs reported in public databases, its most common alleles being the normal M alleles and its subtypes (PiM1Ala, PiM1Val, PiM2, PiM3), besides the deficient alleles PiS and PiZ (Crystal, 1990) . About 95% of the individuals with severe AATD are homozygous for PiZt (ATS/ERS, 2003) , whereas PiSZ heterozygotes have approximately one-third of the normal AAT serum level, besides being highly prone to the development of diseases (Dahl et al., 2005) . COPD risk among PiMZ heterozygotes has been previously analyzed with controversial results. Meta-analysis indicates a slight increase in risk of COPD in PiMZ individuals, with no significant lung-function impairment, compared to PiMM (Hersh et al., 2004) .
A few studies on SERPINA1 common variants in COPD have been reported, also with controversial results. Matsuse et al. (1995) , Shim (2001) and Kim et al. (2005) did not find a significant association between PiM1, PiM2 or PiM3 alleles and COPD, whereas Kwok et al. (2004) came across a significant increase in PiM1M3, PiM2M3 phenotypes and Gupta et al. (2005) reported a significant increase for the PiM3 allele in COPD patients.
For a better understanding of the association between SERPINA1 polymorphisms and COPD risk, we designed a case-control study to detect differences in the frequencies of common SNP alleles, haplotypes and genotypes, be-tween patients and controls in relation to common polymorphisms.
We also investigated the relationship between common SERPINA1 polymorphisms and main COPD clinical manifestations. The major AAT neutrophile elastase inhibitory role is observed in alveolar parenchyma, the subsequent deficiency in plasma AAT concentration mainly resulting in emphysema (Needham and Stockley, 2004) . We therefore compared the distribution of SERPINA1 polymorphisms between the bronchial and emphysematous types of COPD. In addition, COPD patients underwent a two-year follow up, in order to evaluate the annual FEV 1 (Forced Expiratory Volume in 1 s) decline rate in relation to common SERPINA1 alleles. FEV 1 is the hallmark of COPD since it is affected by inflammation and remodeling of the small airways as well as by emphysematous destruction of the terminal airspaces (Weiss et al., 2003) .
The study population consisted of 100 COPD subjects who attended the Pneumology Department of Tahar Sfar Hospital in Mahdia. Inclusion criteria for patients with COPD were as follows: FEV 1 < 80% of predicted value adjusted for age, weight and height, and an improvement in FEV 1 following bronchodilator inhalation < 12% of baseline FEV 1 . Asthmatic patients showing a persistent airflow obstruction were excluded. COPD phenotype identification was based on chest radiographic and high-resolution computerized tomography (HRCT) density findings. Clinical characteristics of COPD patients are summarized in Table  S1 . Follow-up examinations were conducted with patients over a two-year period after baseline, with annually repeated spirometry tests. AATD individuals were excluded from analysis. Two hundred healthy controls were enrolled for the case-control study. They were recruited from a blood donor's cohort of Fattouma Bourguiba Hospital in Monastir. Subjects with respiratory diseases, or any family history of lung disease, were excluded. The distribution of both patients and controls, according to demographic characteristics, is shown in Table S2 . Prior written informed consent was obtained from all the subjects according to the research protocol approved by the local ethics committee.
Total genomic DNA was extracted from peripheral blood leucocytes by a phenol-chloroform method. PCR-RFLP was employed for genotyping of PiM1 (Ala213 GCG ® Val GTG), PiS (Glu264 GAA ® Val GTA) and PiZ (Glu342 GAG ® Lys AAG) polymorphisms, as previously described (Ferrarotti et al., 2004) . Briefly, we performed PCR amplification using exon III primers to detect the S and 213Ala/Val variants and exon V for the Z variant. The reactions were carried out in an I-cycler Thermal Cycler (Bio-Rad Laboratories). 4 U of SexAI and Hpy99I restriction enzymes (New England Biolabs) were used to digest 4 mL each of exon III and exon V amplified DNA, respectively. Genotyping of PiM2 (Arg101 CGT ® His CAT) and PiM3 (Glu376 GAA ® Asp GAC) was performed using hybridization probe analysis on Light Cycler 480 Roche apparatus (Roche Diagnostics), using a commercial real-time assay (LightMix ® , Roche Diagnostics). For each SNP, the primers flanking the SNP and the oligonucleotide probes were designed and synthesized by the manufacturer. The reaction mixture was prepared in a 96-well PCR plate and processed according to manufacturer's instructions. Real-time PCR cycling conditions were as follows: 95°C for 5 min, followed by 35 cycles of 95°C for 10 s, 62°C for 15 s and 72°C for 15 s. After amplification, PCR products were analyzed in a melting step of 40-95°C. Melting data were analyzed using the Genescanning module of the LightCycler 480 software.
Annual FEV1 decline (ml/year) was calculated as the difference between follow-up and baseline observed FEV1 values, divided by the number of months between the two surveys, and multiplied by 12. SPSS v.10.0 software was used for statistical analysis. Categorical variables were presented as percentages, and intergroup differences were compared using c 2 test or Fisher's exact tests. Continuous variables, described as mean ± standard deviation, were compared between the groups using Student's t test. Hardy Weinberg equilibrium tests and the estimation of allele and haplotype frequencies were performed using HPlus v. 2.5 software.
The frequency of PiM1, PiM2, PiM3, PiS and PiZ alleles and genotypes between COPD patients and healthy controls, was determined and compared (Table 1) . Genotypes for all the polymorphisms were within HardyWeinberg proportions. There was no significant difference in the genotypic and allelic distribution of normal PiM1, PiM2 and PiM3 variants between subjects and controls. Deficient PiS and PiZ alleles were only reported in patients, with no apparent significant difference in relation to controls. Ten haplotypes were selected for studying by the expectation maximization procedure (Table 2) , with no significant differences being detected between patients and controls by statistical comparison.
COPD patients were classified according to their predominant phenotype as follows: 53 subjects showed the bronchial type of the disease (chronic bronchitis group; mean age: 72.1 ± 7.6 years); 47 presented a predominant parenchymal destructive change (centrolobular and panlobular emphysema groups; mean age: 69.5 ± 12.2 years). Univariate analysis was employed to verify whether there were differences in COPD phenotypes among SERPINA1 genotypes (M1Ala containing vs. non M1Ala containing; M2 containing vs. non M2 containing and M3 containing vs. non M3 containing). The relationship between FEV 1 annual decline, smocking and BMI and COPD phenotypes was also examined. No significant differences were detected (Table 3) .
Lung function impairment in patients was assessed by the annual FEV 1 decline rate. After exclusion of AAT deficient individuals, 96 patients underwent a two-year follow up Annual FEV 1 decline means were compared according 24 Denden et al.
to age, smoking habits and SERPINA1 polymorphisms. No significant relationship between annual FEV 1 decline and the tested variables was detected (Table 4) . In summary, our findings are consistent with observations that there is no significant difference in the frequency of common SERPINA1 variants in COPD patients, when
Common SERPINA1 polymorphisms in COPD 25 compared to healthy controls. We also verified that there is no correlation between these alleles and the manifestation of emphysema, since there was no difference in their distribution in patients with bronchial and emphysematous types of COPD. Furthermore, no significant relationship between SERPINA1 polymorphisms and annual FEV 1 decline evaluated over a two-year period in COPD patients was found. To our knowledge, this is the first report on clinical manifestations of COPD in relation to common AAT variants.
